Abstract: A facile, sensitive and selective extractive spectrophotometric method was developed for the determination of copper(II) in various water and alloy samples using a newly synthesized reagent, 3-methoxy-4-hydroxy benzaldehyde 4-bromophenyl hydrazone (3,4-MHBBPH). Copper(II) forms a orange colored complex with (3,4-MHBBPH) in acetate buffer medium (pH 4) which increases the sensitivity and the complex was extracted into chloroform. Under optimum conditions, the maximum absorption of the chloroform extract was measured at 462 nm. The Beer law was obeyed in the range of 0.20 to 4.0 mg ml -1 of copper. The molar absorptivity and the Sandell's sensitivity of the complex were 2.0520´10 4 mol -1 cm -1 and 0.2540 mg cm -2 , respectively. The detection limit was found to be 0.0270 mg mL -1 . A detailed study of various interfering ions made the method more sensitive. The method was successfully applied for the determination of Cu(II) in water and alloy samples. The performance of the present method was evaluated in terms of Student 't' test and Variance ratio 'f ' test, which indicate the significance of the present method over reported methods.
INTRODUCTION
Copper is available in nature in the free state in the form of sulphides, chlorides and carbonates. Copper is utilised in electrical industries and in industrially useful alloys. Biologically copper is essential in small amounts for the synthesis of haemoglobin. A deficiency of copper causes diseases such as anaemia, while an excess of it causes "Jaundice" and "Wilson disease". As a pollutant, copper is of particular concern because of its high degree of toxicity to aquatic organisms. In view of this, the separation and determination of copper from associated elements is indispensable. Several analytical techniques have been monitored for the determination of copper(II), they include atomic absorption spectrometry, [1] [2] [3] [4] [5] [6] [7] [8] voltammetry, 9-11 spectrophotometry, [12] [13] [14] inductive coupled plasma-atomic emmission spectrometry [15] [16] [17] and inductive coupled plasma-mass spectrometry. 18 A few reagents [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] are available for the spectrophotometric determination of copper(II), as shown in Table I . These reported reagent suffer from several disadvantages, such as poor sensitivity, selectivity and a few require special conditions for the formation of the complexes with the reagents and a few are commercial.
The aim of the present work was to provide a facile, sensitive and rapid extractive spectrophotometric method for the determination of trace amounts of copper(II) in water and alloy samples and other natural samples of significant importance. In this study, new analytical reagent 3-methoxy-4-hydroxybenzaldehyde-4-bromophenyl hyzdrazone (3,4-MHBBPH) for the determination of copper(II) in water and alloy samples was successfully sythesized.
EXPERIMENTAL

Synthesis of 3-methoxy-4-hydroxy benzaldehyde-4-bromophenyl hydrazone
Equimolar solutions of 3-methoxy-4-hydroxu benzaldehyde and 4-bromophenyl hydrazine in aqueous medium were refluxed for 2-3 h, after which contents were cooled to room temperature, a solid product separated. The solid was filtered, washed with water, dried and recrystallized from hot aqueous methanol (m. p. 147°C, 91 % yield as shown in Scheme 1).
Reagents
All reagent used were of analytical reagent grade. Double distilled water was used throughout the experiments. A stock solution of Cu(II) (0.01 M) was prepared by dissolving 2.505 g of CuSO 4 ·5H 2 O (Merck, Germany) in double distilled water in a 1000 ml volumetric flask. Copper(II) working standard stock solutions were prepared freshly by appropriate dilution of the standard stock solution with double distilled water. A reagent solution (0.1 M) was prepared by dissolving 0.393 g of reagent in 100 ml of methanol. Acetate buffer was prepared by dissolving 8.2 g sodium acetate in 800 ml of water. It was adjusted to pH 4.0 with high purity glacial acetic acid and stored in a clean 1 l metal-free polyethylene bottle. 
Procedure
To an aliqout of working standard solution containing 1-100 ml in a 50 ml separating funnel 5.0 ml of acetate buffer solution (pH 4.0), 2.0 ml of reagent solution and salting out agent (0.1 M magnesium sulphate) were added. The mixture was shaken with 5.0 ml portions of chloroform for 30 s and allowed to stand for few minutes. The organic phases are collected and made up to the mark in a 25 ml volumetric flask with chloroform and the absorbance was measured at 462 nm against the corresponding reagent blank. A calibration graph was constructed.
Procedure for the determination of Cu(II) in natural water samples
Different water samples (tap water, river water, spring water) were collected from various places in and around Tirupati, A. P., India. The sample (150 ml were stored at 0-5°C in metal-free polyethylene bottles. The water samples were filtered through a Whatman filter paper No. 41 and the clean solution was collected into a 250 ml beaker. The contents were diluted up to the mark with double distilled water. 15 ml of this solution was further diluted to obtain a working solution for the determination of Cu(II) as described in the above procedure and compared with the reported method 29 with statistical validation. The results are summarized in Table II .
Procedure for the determination of Cu(II) in sea water samples
100 ml of seawater was taken from the Bay of Bengal near Sullurpet, Nellore dist., A. P., India and spiked with known amounts of metal ion. The pH of the sample was adjusted to pH 4.0 with acetate buffer as reported in literature. 32 The metal ion present in the sea water was analyzed by the previously described procedure. The analytical data are presented in Table II . 
Procedure for the determination of Cu(II) in alloy samples
1 g of alloy sample was dissolved in a 10 ml of aqua regia and evaporated to the minimum volume, extracted with 10 ml of 2 M HNO 3 and then diluted with double distilled water to a suitable volume (10 ml). This serves as the stock solution.The experimental solution was prepared by pipetting out 10 ml of the stock solution into a 100 ml volumetric flask and the solution was made up to the mark with distilled water. A known volume of this solution is placed in a 10 ml volumetric flask and made up to the mark and analysed by the general procedure given previously.
RESULTS AND DISCUSSION
Copper(II) reacts with 3,4-MHBBPH to form a 1:1 orange colored complex in buffer of pH 4.0, and the complex was extracted into chloroform. The organic extract showed a maximum absorption at 462 nm. The formation of the complex and its extraction into chloroform are instantaneous. The complex is stable for more than 12 h. Under the experimental condition, the absorption spectra of 3,4-MHBBPH and the (Cu(II)-3,4-MHBBPH) complex were scanned. Whereas 3,4-MHBBPH exhibited an absorption maximum at 390 nm, the [Cu-3,4-MHBBPH)] 2+ complex gave an absorption peak at 462 nm. The difference between the two peaks is 72 nm and could obviously be distinguished. Thus, the absorption peak at 462 nm was chosen as the maximum wavelength for Cu(II)-3,4-MHBBPH, as shown in Fig. 1 .
The Beer law was obeyed in the concentration range 0.20 to 4.0 mg ml -1 of Cu(II). The molar absorptivity and Sandell's sensitivity of the complex at pH 4.0 was calculated as 2.0520´10 -4 l mol -1 cm -1 and 0.2540 mg cm -2 , respectively. The correlation coefficient (r) for the experimental data was 0.9998.
Effect of the reagent concentration
To a series of 25 ml separating funnels, each containing 1.0 ml of Cu 2+ solution (0.01 M) and 5.0 ml of buffer solution (pH 4.0) were added different volumes of the reagent solution and extracted with chloroform to obtain the maximum color formation. The absorbance of each solution was measured at 462 nm against the reagent blank. From the experimental observation, it was found that beyond a ten-fold excess of the reagent, the absorbance remained almost constant. Hence, for further studies, 2.0 ml of the reagent was recommended for complete color development.
Stoichiometry of the complex
On the basis of the Job's method of continuous variation as modified by Vosburg and Cooper for two phase systems, the composition of the extracted species was found to be Cu 2+ : 3,4-MHBBPH = 1:1. The mole ratio of the method further confirmed the stoichiometry (Scheme 1a) of the complex as shown in Figs. 2 and 3 .
Effect of solvent
The extraction of the Cu(II)-3,4-MHBBPH complex was tested in various organic solvents, such as toluene, benzene, xylene, n-butanol, 1-pentanol, dimethyl formaldehyde, CCl 4 , chlorobenzene, cyclohexane and chloroform. Among the various solvent studied chloroform was selected as the most suitable for the extraction of the Cu(II)-3,4-MHBBPH complex, because of its maximum absorbance and greater extraction ability, due to its polarity.
Ringbom plot for the (Cu(II)-3,4-MHBBPH) complex
The Ringbom plot is the established standard adopted to determine the optimum range of concentration for a system that obeys the Beer's law. The plot is drawn between log c of Cu(II) and (1-T) (where T is the transmittance). The plot has a sigmoid shape with a linear segment intermediate absorbance values (0.60 to 2.20) and concentration values (0.8 to 2.80 mg ml -1 ). The slope of the Ringbom plot from Fig. 4 is 0.4562. Hence, the ratio between the relative error in the concentration and photometric error 0.60 for concentration of 0.80 for 0.75 % photometric error.
Precision and acuracy
The precision and accuracy of the proposed method was evaluated by the good results wthich were obtained by a reported method. The results are shown in Tables  II and III . The good correlation between the two methods indicate that the present method is more sensitive than the methods reported in the literature. 29, 33 306 REKHA et al. 
Detection limit
Under the optimum conditions, the detection limits for determination of Cu(II) in various environmental samples was found 0.0270 mg ml -1 for a 200 ml volume of Cu(II) solution.
Effect of salting out agents
Various salting out agents, such as lithium nitrate, thorium sulphate, magnesium sulphate, lithium chloride, ammonium chloride and ammonium sulphate were used for the enhancement of the extraction of the metal complex into the organic phase in a single step. It was observed that the presence of 1.0 ml of 0. was tested for the complete extraction of no copper(II) using chloroform, and no copper(II) was found in the aqueous phase. It was established that 1.0 ml of 0.1 M magnesium sulphate as salting out agent and a ten-fold molar excess of the reagent quantitatively extracts copper(II) into to the organic phase. 
Effect of interfering species
Several anions and cations were studied in detail. Table IV summarizes the tolerance limits of interfering ions in the determination of 50 mg l -1 Cu(II). The tolerance limit was taken as the amount causing an error of ± 2 % at the peak height. Can be masked up to 10000 mg l -1 by the addition of 2 ml -of EDTA, thiosulfate, cyanide. b Can be masked up to 5000 mg l -1 by the addition of 2 ml of 2 % citrate solution. c Can be masked up to 800 mg l -1 by the addition of 1 % thiocyanate
Applications of the extractive spectrophotometric method for the determination of copper(II) by the present method
The results of the proposed extractive spectrophotometric method for the determination of Cu(II) in water and alloy samples are presented in Tables II and III. The obtained results were compared with reported methods 29, 33 in terms of Student's 't' test and Variance ratio 'f'-test. The analytical data summarised in Tables II  and III suggest that the percentage recovery of Cu(II) from water and alloy samples range from 92.5 to 97.2 %, which is more reliable and sensitive than the reported methods. 29, 33 CONCLUSION The proposed extractive spectrophotometric method is simple, highly sensitive and selective for the determination of Cu(II) in water and alloy samples. The limit of detection of the proposed method is superior when compared to reported method. 29, 33 The method has additional advantages over the reported methods due to easy preparation of complexation agent, high sensitivity of the very stable complex, low consumption of the reagent and minimal interferences.
